Abstract. In this paper we consider a linear spectral problem asociated with the Levi hierarchy of equations. A Bargmann system under the .so-called Bargmann mnstraint between the eigenfunctions and potentials is proposed, and is proved to be a completely integrable Hamiltonian system in the Liouville sense, Moreover, by the involutive solution of the compatible systems under the Bargmann constraint we present the iovolutive representation of solutions of the Levi hierarchy. Especially, we obtain the involutive representation of the solution of the well known Burgers equation U,= -U= +2uur.
Introdudion
It is a very important topic for us to look for new finite-dimensional completely integrable system. The beautiful Liouville-Arnold theorem is the basis of the geometrical theory of finite-dimensional Hamiltonian systems [l, 21. In the light of this theorem, the key to the complete integrability of a finite-dimensional Hamiltonian system lies in the existence of an involutive system of conserved integrals. There are some approaches to producing finite-dimensional completely integrable systems, such as the well-known isospectal technique of Lax [3] and the method of constraining infinite-dimensional integrable systems on finite-dimensional invariant manifolds [4-61. In recent years, along with the unceasing deep study of the solution system, new vitality has been absorbed to the theory of classical integrable systems. In 1989 Cewen Cao first presented a method of the so-called nonlinearization [7] of the Lax system for soliton equations and by this effective method some new finite-dimensinal completely integrable systems in the Liouville sense have been successfully elaborated [8-161 in explicit form. Another important application of the nonliearkation method is that the solution of the soliton equation associated with an eigenvalue problem is reduced to solving the compatible ,stem of nonlinear ordinary differenti; equations ri7-221.
In this paper, we introduce the eigenvalue problem which is equivalent to the eigenvalue problem proposed by where p is a spectral parameter, U and U are two potentials.
Proposition 2.1 Let rl=p2, then (2.1) is equivalent to (1.1).
Proof. Make the transformation
where a=a/ax, aa-'=X'a = 1. Substituting (2.2) into (Ll), by simple calculation we know that (1.1) can be reduced to (2.1). Equation (2.1) can become (1.1) by the inverse of (2.2)
Because of this proposition, we study the eigenvalue problem (1.1) below. Consider the Lenard's sequence of gradient {Gi} defined as follows KG,_,=JGi,j=O,1,2 ,... .
(2.6)
It isn't difficult to determine that Gi= (Cy), Gj2')Tcan be recursively determined. The m= 1 and m = 2 , (2.7) is (1.2) and (1.3) In order to prove the integrability of the Bargmaon system (3.2) or [3. 3), we now introduce a system of smooth functions { F A L :
We specially point out that FO = H. 12) and using (2.7) and (3.13), we obtain (3.11) . Let ( q , p ) be a solution of the Bargmann system (B). Then the nonlinearization of (2.12) (i.e. the time part of the Lax representation for the Levi hierarchy) under (3.1) exactly produces the Hamiltonian system (F,,,) .
Proof. According to (3.12) and G,-l=%jei-'Go ( j = l , 2 , . ..),we have Thus, the proof of theorem 4.1 is completed. ponding intial-value problems, commute [l] . Define which is called the involutive solution of the consistent equations (B) and (F,,,) , and is a smooth function of (x, t,,,).
Theorem 5.1. Let (q(x, t,) ,p(x, t,J)' be an involutive solution of the consistent system (B) and (F,,,) . Then Let (q(x, t ) , p ( x , f) and integrability of the corresponding system, a similar result is proved in [26] .
